ABSTRACT-We used olfactory-bulb-lesioned mice induced by intranasal irrigation with zinc sulfate as a model of dementia, to investigate the effects of Toki-shakuyaku-san (TSS) on monoamines and nerve growth factor (NGF) in brain regions. TSS was given daily through the drinking water for either 1, 2, 3, 4 or 8 weeks from the day after olfactory lesion. The administration of TSS significantly suppressed the decrease of 3,4-dihydroxyphenyl acetic acid (DOPAC) and homovanillic acid (HVA) in olfactory bulb of olfactory-lesioned mice at 1 week, and tended to suppress the decrease of DOPAC and HVA during the experimental session.
Toki-shakuyaku-san (TSS) (Danggui-Shaoyao-San in Chinese), a Chinese traditional medicine, is used for clinical targets such as dysoarism, sterility, menopausal symptoms and many other gynecological disorders (1) . In basic research, TSS reverses the disorder of the cholinergic nervous system induced by scopolamine and inhibits the reduction of acetylcholine in the cerebral cortex and hippocampus (2) . In clinical practice, it has also been reported that TSS can improve memory ability and judgement in patients with dementia and Alzheimer's disease (3) . The sense of smell is impaired in Alzheimer's disease (4) , and the activity of choline acetyltransferase in the olfactory bulb is reduced (5) . Kampo medicines are clinically used in chronic diseases such as Alzheimer's dementia and administered for long term usually. However, effects of TSS on the long term were barely investigated. In present experiment, we used olfactory-bulb-lesioned mice, whose sense of smell had been destroyed by being provoked by zinc sulfate, to investigate the effect of TSS treatment on the neurotransmitters and nerve growth factor (NGF) in brain regions.
MATERIALS AND METHODS

Experimental animals
C57BL /6 male mice were obtained from Nippon SLC (Hamamatsu) at 6 weeks of age and were provided with commercial pellets (CE-2; Clea, Tokyo) through the whole experiment, at a temperature of 24 ± 1°C.
Olfactory bulb lesions
Olfactory bulb lesions were induced according to the modified method of Alberts and Galef (6) . In brief, intranasal irrigation with zinc sulfate in mouse was performed under light ether anesthesia by dropping the 5% zinc sulfate solution in a total volume of 20 ml, using a 100-m l microcylinge. Normal control mice were intranasal perfused with physiological saline (20 m l).
Preparation of TSS
TSS is composed of 6 kinds of crude herbal drugs: Angelica acutiloba KITAGAWA, 3 g; Atractylodes lancea DC, 4 g; Paeonia latiflora PALL, 4 g; Poria cocos WOLFF, 4 g; Alisma orientale JUZEPC, 4 g; and Cnidium officinale MAKINO, 3 g. TSS was supplied by Tsumura Co., Ltd, Tokyo as a lyophilized powder. The powder was suspended in distilled water. TSS were freely administered by feed bottle to one group of olfactory-bulb-lesioned mice. The administration was initiated at the day of irrigation and continued for the experimental period. The daily dose was controlled corresponding to 10 -15 fold dose /kg body weight (about 800 mg / kg per day) in human adults by regulating its concentration in relation to water consumption. TSS extract was administered consecutively for 1, 2, 3, 4 or 8 weeks. The mice were divided into five subpopulations according to the period of administration of TSS. Normal and olfactory-bulb-lesioned mice were provided with tap water in the same way.
Sectioning of brains
The brains of each group were removed on the prescribed weeks after the beginning of administration. They were sectioned at the olfactory bulb, entorhinal cortex, hypothalamus and septum on dry ice according to the method of Glowinski and Iversen (7), and monoamines were then measured.
Measurement of monoamines
Monoamine contents were measured by high-performance liquid chromatography with the electrochemical detector (ECD-HPLC) method. In brief, individual brain parts (30 -50 mg) were placed in test tubes in an ice-water bath, and was homogenized in 1.0 ml of 0.5 M perchloric acid, containing 1´10 -3 M sodium bisulphite, 4´10 -3 M EDTA and 3,4-dihydroxy benzylamine (DHBA as an internal standard, 3´10 -3 M). The homogenate was centrifuged at 3,000 rpm for 5 min at 4°C. The supernatant was transferred to a screw cap vial with containing 0.5 ml pH 8.6 Tris buffer (1.25 M) and adjusted to pH 8.6 with 1 M sodium carbonate and 20 mg of acid-washed alumina. After addition of the supernatant, the vial was immediately shaken for 10 min. After the alumina settled, the supernatant was removed by aspiration. The alumina was washed twice with ice-cold distilled water. Then 200 ml of 0.13 N HClO4 was added to the alumina and centrifuged for 5 min. The supernatant was filtered through a membrane filter (0.45 mm; Millipore Co., Ltd., Bedford, MA, USA). An aliquot of the eluate was used HPLC analysis.
The HPLC system consisted of a LC-10AD pump (Shimadzu Co., Ltd., Kyoto) and reversed phase column (MA-5 ODS, 150 mm´4.6 mm, ID; Eicom Co., Ltd., Tokyo). The mobile phase was a mixture of 0.1 M citrate buffer (pH 3.5), containing sodium octyl sulphonate (Kanto Kagaku Co., Tokyo) and methanol with a flow rate of 1.0 ml/ min. The composition of the eluting solvent was as follows: 0.1 M CH 3COONa, 393 ml; 0.1 M citric acid, 437 ml; methanol, 150 -170 ml; 100 mg / ml sodium octyl sulphonate solution, 2.3 ml; 5 mg/ml, EDTA-2Na solution, 1.0 ml; pH 3.5. The applied potential of ECD was 750 mV (8) . We measured the following monoamines: dopamine (DA), 3,4-dihydroxyphenyl acetic acid (DOPAC) and homovanillic acid (HVA).
Measurement of NGF in brain tissue
Each specimen was placed in a test tube in an ice-water bath, and an aliquot of phosphate buffer saline was added. The tissues were homogenized ultrasonically at 4°C, and the supernatants were taken. The contents of NGF in the supernatant were measured by the sandwich enzyme-liked immunosorbent assay (ELISA) method of Yabe and Yamada (9), using affinity purified anti-NGF polyclonal antibody. Protein concentrations in the olfactory bulb were measured with bovine serum albumin as a standard. The data of NGF concentrations were used after adjustment according to protein concentrations.
Statistical analyses
The statistical significance of the difference of means was evaluated by ANOVA followed by Fisher PLSD.
RESULTS
Effects of TSS on the content of monoamines in brain regions
In the olfactory bulb, the content of DA was reduced in the mice with entire olfactory bulb lesion compared with the normal mice. One week after irrigation, DOPAC and HVA were found to be undetectable in the olfactory-bulblesioned mice. The administration of TSS significantly suppressed the decrease of DOPAC and HVA in the olfactory-bulb-lesioned mice at one week and tended to suppress the decrease DOPAC and HVA during experimental session. However, no significant influence of the administration of TSS was observed in DA contents (Table 1) .
In the entorhinal cortex, reduction of DA in the 2-week group and increases of DA and DOPAC in the 3-week group were observed in the olfactory-bulb-lesioned mice compared with the normal mice, but TSS significantly suppressed these changes (Table 2) .
Effects on the content of NGF in brain
The content of NGF in the olfactory bulb was increased until the 4-week group in the olfactory-bulb-lesioned mice compared with normal mice. TSS treatment immediately increased NGF in the 1-and 2-week groups, but the value reversed to the normal control level within 3 weeks. In contrast, the contents of NGF in the entorhinal cortex, hypothalamus and septum were decreased in the olfactorybulb-lesioned mice at 1 and 2 weeks, but TSS treatment had no influence on these reductions (Fig. 1) .
Effects of TSS on the body weight
The whole body conditions of the mice were observed in the TSS treatment period. There was no vigor in olfactorybulb-lesioned mice, especially in an initial step. TSS considerably improved hair cleanness of the mice. In the 8-week group, the changes in outward appearance almost disappeared in every group, and when the weight of the mice was measured, no significant changes were recognized (data was not showed).
DISCUSSION
Reduction of olfactory sense is one of the symptoms of senile dementia of the Alzheimer type (SDAT). Some researchers hypothesize that changes in the olfactory system are not only a symptom but also a cause for SDAT, but little is known about the correlation between olfactory sense and memory (4, 5, 10) . In animal experiments, a reduction of memory maintenance has been reported in rats after olfactory bulbectomy (11) . The role of the olfactory bulb in rodents is related to exchange of information, sex instinct and emotion caused by odor (12) . The olfactory bulb is not only an organ of smell but is also related to emotional behavior (13) . Spraying zinc sulfate into the nasal cavity promotes the secretion of glutamate (14) , so that the sense of smell is definitely induced by obstruction of the regeneration of olfactory bulb epithelial cells (15) . In the experiments until now, reductions of learning memory and of the neurotransmitters in the brain were observed to be induced by zinc sulfate. It is suggested that olfactorybulb-lesioned mice are useful in research as a model of dementia (16) .
TSS is used for such clinical targets such as dysoarism, sterility, menopausal symptoms and many other gynecological disorders (1). In basic research, the beneficial effects of TSS on learning memory have been recognized in senescence-accelerated resistant mice (SAM) and ovariectomized mice (17, 18) . TSS also can increase the content and metabolisms of DA and of 5-HT (19) .
In this study, decreases of DA were observed at all weeks in the olfactory-bulb-lesioned mice compared with the normal mice, especially at 1 week, and in particular DOPAC and HVA were even undetectable. Changes of neurotransmitters were also observed in the entorhinal cortex induced by olfactory bulb lesion. TSS corrected the abnormality of DA and its metabolites in olfactory bulb, especially in the first 3 weeks. It also corrected the abnormality of monoamines in the entorhinal cortex. This is consistent with the report (20) that TSS can improve the synthesis of DA in the brain of mice and suggests that TSS affects neurotransmitters in the central nervous system, so it may thus improve learning memory.
On the other hand, it is known that NGF can promote differentiation in the undifferentiated neuron and encourage survival in the differentiated neuron (21) . It also promotes regeneration of the nerve fiber. Furthermore, it has the power to repair the neuron and improve its function as a nerve nutrition factor, when the brain is injured (22) . NGF is produced in the olfactory bulb, and works as a nutrition factor for olfactory epithelium (23) , promoting protein synthesis and growth in olfactory epithelium cells (24) . In this experiment, we measured the content of NGF in the olfactory bulb, which had been directly exposed to zinc sulfate, and in the entorhinal cortex, hypothalamus and septum, which had not been directly exposed. In the olfactory bulb, NGF was increased significantly in the olfactorybulb-lesioned mice compared with the normal mice, and the value returned to the same level as content at 8 weeks after. The NGF contents in olfactory bulb of TSS-treated mice were immediately increased at 1 and 2 weeks, but the value returned to normal level within 3 weeks. It has been reported that activated in vivo brain astrocytes may synthesize and secrete NGF-like molecules, when the brain is damaged (25, 26) . Thus it has been suggested that TSS may exert its action by repairing a neurons injured by zinc sulfate. However, DA was still lower than in normal mice until 8 weeks. The reason for this was thought to be that the impairment of the nerves might not be at the same speed as the neurotransmitter restoration. On the other hand, the possibility was suggested that part of the damaged nerves could not be repaired. The effects of TSS on the olfactorybulb-lesioned mice were to promote the production of NGF, to repair olfactory bulb nerves and correct the reduction of neurotransmitters. NGF is produced in the olfactory bulb and transported to other regions (23, 24) . When the olfactory bulb was injured, thus damaging the olfactory Fig. 1 . Effect of Toki-shakuyaku-san on nerve growth factor. Olfactory bulb lesion (OBL) was induced by intranasal zinc sulfate (5%, 20 ml /mouse) perfusion. The TSS group was given Toki-shakuyaku-san (about 800 mg /kg body weight) daily through drinking water for 1, 2, 3, 4 and 8 weeks from the age of 7 weeks. The olfactory bulb lesion group was given normal drinking water. The contents were measured by the ELISA method written in the text. The value of the Sham group is as 100%. Each column represents the mean the average of 5 -6 mice. OB, olfactory bulb; EC, entorhinal cortex; Hyp, hypothalamus; Sept, septum.
bulb nerves, the production of NGF was increased, and at the same time, its transport to other regions was reduced, so that the content of NGF in the entorhinal cortex, hypothalamus and septum was decreased compared with the normal mice. However, it is yet unclear to what extent the olfactory bulb contributes to memory, and how the olfactory function contributes to maintaining the central function.
Since NGF does not cross the blood-brain barrier and is easily metabolized by peptidases when administered peripherally, in this case, no physiological action can be expected. In the present experiment, NGF itself was not given, but we demonstrated the promoting effect of TSS on NGF production and cell biosynthesis to increase the amount of NGF.
It has been reported that steroid hormones are reduced in Alzheimer's disease (27) and that this affects learning memory (28) and neurotransmitters in the brain (29) . In this experiment, we measured testosterone and progesterone in the serum by an Enzyme Immunoassay kit (Cayman Chemical Company, Ann Arbor, MI, USA). In the results, the content of progesterone in the serum was decreased at 3 weeks in the olfactory-bulb-lesioned mice. TSS reversed the decrease of testosterone in the serum. The results suggested that orally administration of TSS might also contribute to the synthesis and the secretion of steroid hormones.
These findings indicate that the olfactory bulb lesion causes the decrease of DA and its metabolites contents in the olfactory bulb, and oral administration of TSS prevents such a reduction of DA metabolites, DOPAC and HVA. Oral administration of TSS immediately increased NGF contents in the olfactory bulb. This suggested that TSS treatment promotes the NGF contents in the olfactory nerve and rescues the neurons from the damage. However, it has not been clear how the olfactory contributes to memoryrelated behavior and how TSS acts on the olfactory nerve. Further investigations might be required.
